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Renal cell carcinoma (RCC) is associated with a high fre- 
quency of metastasis and only few therapies substantially 
prolong survival. Honokiol, isolated from Magnolia spp. 
bark, has been shown to exhibit pleiotropic anticancer 
effects in many cancer types. However, whether honokiol 
could suppress RCC metastasis has not been fully eluci- 
dated. In the present study, we found that honokiol sup- 
pressed renal cancer cells' metastasis via dual-blocking 
epithelial-mesenchymal transition (EMT) and cancer stem 
cell (CSC) properties. In addition, honokiol inhibited tumor 
growth in vivo. It was found that honokiol could up- 
regulate miR-141, which targeted ZEB2 and modulated 
ZEB2 expression. Honokiol reversed EMT and suppressed 
CSC properties partly through the miR-141/ZEB2 axis. Our 
study suggested that honokiol may be a suitable therapeu- 
tic strategy for RCC treatment. 



INTRODUCTION 

Renal cell carcinoma (RCC), accounting for 90% to 95% of all 
renal tumors in adults, comprises a heterogeneous group of 
epithelial neoplasms with diverse biological potential and varia- 
ble clinical outcomes (McLaughlin et al., 2006). Patients with 
advanced RCC have poor prognosis and high mortality, even 
after treatment (Motzer et al., 1999). Moreover, multi-drug resis- 



^ Department of Medical Oncology, Affiliated Cancer Hospital of Guang- 
zhou Medical University, Cancer Center of Guangzhou Medical Universi- 
ty (CCGMU), ^The Medical Faculty of Jinan University, ^Department of 
Neurology, the Second Affiliated Hospital of Guangzhou University of 
Chinese Medicine, "^Internal Medicine of Traditional Chinese Medicine, 
Guangzhou University of Chinese Medicine, Guangzhou, People's 
Republic of China, ^These authors contributed equally to this work. 
*Correspondence: Ieima01@yeah.net (LM); hongfengliang@yeah.net 
(HL) 

Received 20 January, 2014; revised 30 March, 2014; accepted 31 
March, 2014; published online 8 May, 2014 

Keywords: cancer stem cell, epithelial-mesenchymal transition, hono- 
kiol, microRNA, renal cell carcinoma 



tance is a difficult problem faced in the treatment of advanced 
RCC (Cheng et al., 2009). Thus, there is an urgent need to 
develop a more effective therapeutic agent. 

Mounting evidence suggests that epithelial-mesenchymal 
transition (EMT) plays a significant role in cancer invasion and 
metastasis through the formation of cells with a more motile 
and invasive phenotype (Polyak and Weinberg, 2009). Moreo- 
ver, the induction of EMT has been shown to result in the 
enrichment of cells with stem-like properties, termed cancer 
stem cells (CSCs), which are believed to be the origin of cancer 
progression, distant metastasis and drug resistance (Mani et al., 
2008; Radisky and LaBarge, 2008). Key factors controlling 
EMT and CSCs have been identified as the potential targets for 
the prevention and treatment of metastatic cancers (Gupta et 
al., 2009). MicroRNAs (miRNAs), a class of evolutionary con- 
served small non-coding RNAs (18-22 nucleotides) that inhibit 
gene expression (Ambros, 2004), are suggested to regulate 
gene networks involved in EMT and CSCs (Croce and Calin, 
2005; Gregory et al., 2008; Taube et al., 2013). 

In recent decades, extracts from natural products have been 
investigated for the treatment of many malignant tumors. New- 
man et al. (2003) reported that more than half of the new chem- 
icals approved between 1982 and 2002 were derived directly or 
indirectly from natural products. Honokiol is one of two domi- 
nant biphenolic compounds isolated from Magnolia spp. bark, 
which has been extensively used in traditional Chinese medi- 
cine (Fried and Arbiser, 2009; Lee et al., 2011). Preclinical re- 
search on honokiol's broad-ranging capabilities shows its po- 
tential as a therapeutic compound for numerous solid and he- 
matological cancers, including its effectiveness in combating 
multi-drug resistance and its synergy with other anticancer 
therapies (Kumar et al., 2013; Tian et al., 2012). However, it is 
unknown whether honokiol exerts anti-tumor effects through 
inhibiting EMT and CSCs in RCC. In this study, we examine the 
effects of honokiol on RCC through in vitro and in vivo experi- 
ments. 

MATERIALS AND METHODS 
Cell culture and honokiol treatment 

A-498 cell line was maintained in Dulbecco's modified Eagle's 
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nnediunn (DMEM, Gibco, USA) supplennented with 10% fetal 
bovine serunn (FBS) at 37°C with 5% CO2 in a hunnidified incu- 
bator. Honokiol was purchased fronn Signna (USA) and dis- 
solved in dinnethylsulfoxide (DMSO). For honokiol treatnnent, A- 
498 cells were incubated with appropriate concentrations of 
honokiol (2.5, 5, 10, 20, 40, 80 |unnol). DMSO solution without 
honokiol was used as a control. 

Plasmids and cell transfection 

MiR-141 inhibitor was synthesized by Genepharnna (China). 
Full length ZEB2 cDNA was purchased fronn GeneCopeia 
(USA) and subcloned into the eukaryotic expression vector 
pcDNA.3 (Invitrogen). Transfection was perfornned with Lipofec- 
tannine 2000 reagent (Invitrogen). 

Luciferase reporter assay 

For the reporter gene assay, cells seeded in 24-well plates 
were transfected with 200 ng ZEB2-luc and 1 ng of the pRL- 
SV40 Renilla luciferase construct (as an internal control) for 24 
h, and then subjected to honokiol. Cell extracts were prepared 
48 h after treatnnent, and the luciferase activity was nneasured 
using the Dual-Luciferase Reporter Assay Systenn (Pronnega). 

RNA extraction and quantitative RT-PCR 

Total RNA was extracted with TRIzol reagent according to the 
nnanufacturer's instructions (Invitrogen, USA). cDNA was syn- 
thesized with the PrinneScript RTreagent Kit (Pronnega, USA). 
The prinner sequences of ZEB2 were: 5'-TCTCGCCCGAGTG 
AAGCCTT-3' (Forward); 5'-GGGAGAATTGCTTGATGGAGC- 
3' (Reverse). 

Cell migration and invasion assays 

The cell nnigration capabilities in vitro were deternnined using a 
Transwell assay as described previously (Moutasinn et al., 
2011). A transwell channber coated with Matrigel was used to 
deternnine the cell invasion capabilities in vitro as described 
previously (Valster et al., 2005). 

MTT and colony formation assays 

The inhibitory effect of honokiol on RCC cell viability was eva- 
luated by using a 3-(4, 5-dinnethylthiazol-2-yl)-2, 5-diphenyl tet- 
razoliunn bronnide (MTT) assay (MTT; Signna). Cells were 
seeded at a density of 1500 cells per well in 96-well culture 
plates and treated with increasing concentrations of honokiol as 
indicated in Fig. 1 A. After 72 h of incubation, 40 [i\ of MTT at 5 
nng/nni was added to each well, and incubation was continued 
for 2 h. The fornnazan crystals, resulting fronn the nnitochondrial 
enzynnatic activity on the MTT substrate, were solubilized with 
100 )il of DMSO. Absorbance was nneasured at 590 nnn using a 
nnicroplate reader. 

For colony fornnation assay, cells treated with honokiol or 
DMSO were seeded in 6-well culture plates and cultured for 
two weeks. The colonies obtained were fornnalin fixed and 
stained with hennatoxylin. 

Sphere formation and Hoechst 33342 exclusion assay 

Tunnor sphere fornnation assay was carried out according to our 
previous study (Ma et al., 2013). Briefly, single cells were plated 
in Ultra Low Attachnnent plates (Corning) in serunn-free DMEM- 
F12 supplennented with 10 ng/nni bFGF, 10 ng/nni EGF, and 
B27 (all fronn invitrogen). In these conditions cells grew as 
spherical clusters in suspension. The nunnbers of spheres with 
a dianneter over 50 [irr\ were counted under a nnicroscope. 

For the Hoechst 33342 exclusion assay, cells were incubated 
with Hoechst 33342 (5 |ug/nnl, Invitrogen) in nnediunn containing 



5% FBS at 37°C for 90 nnin. Following this incubation, cells 
were washed with ice-cold PBS, stained with propidiunn iodide 
(1 )ig/nnl), and nnaintained at 4°C for flow cytonnetry analyses 
using a FACSAria Flow cytonneter (Beckton Dickson). 

Quantitative RT-PCR 

Total RNA fronn cultured cells was extracted using the TRIzol 
reagent (Invitrogen, USA). Real-tinne PCR was carried out us- 
ing an ABI 7900HT fast real-tinne PCR systenn (Applied Biosys- 
tenns, USA). The following prinners were used: E-cadherin, 5'- 
CCCACCACGTACAAGGGTC-3' (sense), 5'-ATGCCATCGTT 
GTTCACTGGA-3' (antisense); ZEB2, 5'-CCGCCCCTGAAGG 
TTATTCC-3' (sense) and 5'-TGCCTGATTCATTCTGCTAACA 
A-3' (antisense); Vinnentin, 5'-ACCGCTTTGCCAACTACAT-3' 
(s ense) and 5'-TTGTCCCGCTCCACCTC-3' (antisense); Fi- 
bronectin, 5'-CCATCGCAAACCGCTGCCAT-3' (sense) and 5'- 
AACACTTCTCAGCTATGGGCTT-3' (antisense); GAPDH, 5'- 
ACCACAGTCCATGCCATCAC-3' (sense), and 5'-TCCACCAC 
CCTGTTGCTGTA-3' (antisense). 

Western blot analysis and Immunohistochemical (IHC) 
staining 

Cells were treated with honokiol for 48 h, and then total cellular 
protein lysates were prepared with RlPA buffer [50 nnM Tris (pH 
8.0), 150 nnM NaCI, 0.1% SDS, 1% NP40 and 0.5% sodiunn 
deoxycholate] containing proteinase inhibitors, 1% Cocktail and 
1 nnM PMSF (Signna, USA). A total of 20 )ig protein sannple 
was separated by 10% SDS-PAGE and transferred to nitrocel- 
lulose nnennbranes. After blocking the nnennbranes with 3% BSA 
in Tris-buffered saline with 0.1% Tween 20 (pH 7.6, TBST), the 
nnennbranes were incubated with prinnary antibodies at 4°C 
overnight. After being washed with TBST, the nnennbranes were 
incubated with secondary antibodies at roonn tennperature for 1 
h and visualized with an ECL chennilunninescent detection sys- 
tenn (Pierce, USA). GAPDH protein levels were used for nornna- 
lization. The prinnary antibodies E-cadherin, Vinnentin, fibron- 
ectin, ZEB2 and GAPDH were fronn Santa Cruz Biotechnology, 
Inc (USA). 

For innnnunohistochennistry, paraffin-ennbedded sections were 
deparaffinized in xylene and rehydrated in graded alcohol. An- 
tigen retrieval was done by boiling the slides in 10 nnM sodiunn 
citrate buffer, pH 6.0. Staining was done using the EliVision 
Plus Kit (Maixin Bio, China) according to the nnanufacturer's 
protocol. DAB was used as a substrate for peroxidase. 

Xenograft tumor mouse model 

In the tunnor growth experinnent, A-498 cells treated with control 
(DMSO) or honokiol were subcutaneously injected into BALB/c 
nude nnice (4 x lO^cellsper nnouse). The tunnor sizes were 
nneasured by vernier caliper and calculated using the fornnula V 
= (LW^) 7r/6 [V, volunne (nnnn^); L, biggest dianneter (nnnn); W, 
snnallest dianneter (nnnn)]. 

Statistical analysis 

All assays were repeated in triplicates in three independent 
experinnents, and quantitative data were presented as nnean + 
SD. The differences between two groups were connpared by 
the 2-tailed Student's Mest. A P value of < 0.05 was considered 
statistically significant. All statistical analyses were perfornned 
using SPSS 15.0 (SPSS Inc., USA). 

RESULTS 

Honokiol suppresses proliferation of RCC cells in vitro 

We analyzed cell viability by MTT assay to evaluate the effect 
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Fig. 1. Antiproliferative effects 
of honokiol in RCC cells. (A) A- 
498 cells were treated with 
various concentrations of ho- 
nokiol and cell viability was 
deternnined by MTT assay. (B) 
The colony fornnation assay 
showed that honokiol innpaired 
A-498 cells' ability to form 
colonies. 




Fig. 2. Honokiol (concentration: 20 iinnol) reverses EMT and suppresses CSC characteristics to inhibit cell nnigration and invasion. (A) Hono- 
kiol inhibited A-498 cells' nnigration and invasion (left panel and middle panel). Honokiol treatment altered expression level of the EMT-related 
proteins (right panel). (B) Honokiol inhibited the tumorsphere formation of A-498 cells with decreased number and size of sphenoid colonies. 
(C) Honokiol treatment suppressed the number of side population cells (SP cells), which has CSC properties, as evaluated by Hoechst 33342 
staining. 



of the honokiol on the viability of RCC cell line A-498. The re- 
sults showed that honokiol reduced the cellular viability of A- 
498 cells in a concentration-dependent nnanner (Fig. 1 A). Colo- 
ny fornnation assays showed that honokiol drannatically de- 
creased colony fornnation abilities (Fig. 18). Herein, we con- 
clude that honokiol suppresses proliferation of RCC cells. 

Honokiol reverses ElVIT and suppresses CSC characteris- 
tics to inhibit cell migration and invasion 

We first showed that honokiol could inhibit in vitro cell nnigration 
and invasion of A-498 cells, which was acconnpanied by an in- 



crease in the expression of epithelial nnarkers (i.e, E-cadherin) 
and a decrease in the expression of nnesenchynnal nnarkers (i.e. 
fibronectin and vinnentin) (Fig. 2A). Furthernnore, we perfornned 
sphere fornnation and Hoechst 33342 exclusion assays to ana- 
lyze the potential effects of honokiol on CSC characteristics in A- 
498 cells. Indeed, honokiol significantly inhibited the tunnorsphere 
fornnation of A-498 cells and decreased the nunnber and size of 
sphenoid colonies (Fig. 28). Side population cells (SP cells), with 
a high drug efflux capacity which was evaluated by Hoechst 
33342 staining, have been suggested to possess the properties 
of CSC (Addia et al., 2008; Huang et al., 2013; Gates et al., 2009). 
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Fig. 3. Honokiol (concentration: 20 |jnnol) regulates EMT and CSC properties by nnodulating the nniR-141/ZEB2 axis. (A) Changes in nniRNAs 
expression in A-498 cells treated by honokiol, standardized to control. Mir-141 transcriptive levels notably increased approximately 4.8-fold 
when connpared to the control. (B) Honokiol could suppress ZEB2 expression, while a nniR-141 inhibitor could partly reverse the suppressive 
effect of honokiol on ZEB2 expression. (C) Ectopic overexpression of ZEB2 could rescue the effect of honokiol on EMT. (D) Restoration of 
ZEB2 in honokiol-treated cells increased the number and size of the tumor sphere. (E) Restoration of ZEB2 in honokiol-treated cells endowed 
the cells with a high drug efflux capacity, as determined by Hoechst 33342 exclusion assay. 



We found that honokiol decreased the nunnber of SP cells, 
when connpared with the control group (Fig. 20). Taken togeth- 
er, these findings suggest that honokiol can target ROC cell 
nnetastasis in vitro through the reversal of EMT and the sup- 
pression of CSC properties. 

The miR-141/ZEB2 axis is involved in ElVIT and CSC regu- 
lation by honokiol 

We recently found that natural products can exert anti-tunnor 
activities through regulating nnicroRNAs (Deng et al., 2013; Xie 
et al., 2012). We thus asked whether honokiol suppressed EMT 
and CSC properties by nnodulating nnicroRNAs. We used quan- 
titative PCR to deternnine the changes of eight nnicroRNAs 
which are often dysregulated in RCC (Redova et al., 2013; 
Wotschofsky et al., 2012). As shown in Fig. 3A, the eight nniR- 
NAs responded to honokiol treatnnent with different expression 
patterns. We focused on nniR-141 which expression increased 
approxinnately 4.8-fold in A-498 cells treated with honokiol. 



ZEB2, a nnaster factor involved in EMT and CSC, has pre- 
viously been identified as a target gene of nniR-141 (Xu et al., 
2013). We speculated that honokiol nnay regulate EMT and 
CSC properties by nnodulating the nniR-141/ZEB2 axis. We 
perfornned qPCR, Western blot and reporter gene assays to 
detect the effects of honokiol on ZEB2 expression in A-498 
cells. Indeed, the results showed that honokiol could suppress 
ZEB2 expression, while a nniR-141 inhibitor could partly reverse 
the suppressive effect of honokiol on ZEB2 expression (Fig. 
3B). We then asked whether ectopic overexpression of ZEB2 
could rescue the effect of honokiol on EMT and CSC properties. 
As shown in Fig. 3C, the suppressive effect of honokiol on EMT 
can be partly rescued by ectopic overexpression of ZEB2. Inte- 
restingly, ectopic overexpression of ZEB2 increased the nunn- 
ber and size of the tunnor sphere in honokiol-treated cells (Fig. 
3D). In addition, we found that the proportion of SP cells, which 
has CSC properties, increased significantly after overexpres- 
sion ofZEB2 (Fig. 3E). 
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Fig. 4. Honokiol (concentration: 20 )innol) exhibits anti-tunnor activity in A-498 xenograft tunnor nnodels. (A) The rate of tunnor growth and tunnor 
size were significantly reduced by honokiol. (B) The innnnunohistochennical assay showed the expression levels of ZEB2, Vinnentin, Fibronectin 
and E-cadherin in the control group and the honokiol-treated group. 



Taken together, these results dennonstrate that honokiol 
suppresses EMT and CSC properties, at least partly, by regu- 
lating the nniR-141/ZEB2 axis in RCC cells. 

Honokiol exhibits anti-tumor activity in A-498 xenograft 
tumor models 

In the experinnental group treated with honokiol, the rate of 
tunnor growth was significantly inhibited, and the tunnor size was 
significantly reduced when connpared with the control group 
(Fig. 4A). In addition, an innnnunohistochennical assay was per- 
fornned to exannine the level of EMT-related protein. In the 
group treated with honokiol the expression levels of ZEB2, 
Vinnentin and fibronectin were decreased, while the expression 
level of E-cadherin was increased when connpared with the 
control group (Fig. 4B), which was consistent with the in vitro 
analysis. 

DISCUSSION 

The antitunnor activity of honokiol, a natural product derived 
fronn nnagnolia plant and used in traditional Chinese nnedicine, 
has been reported in various preclinical nnodels (Fried and 
Arbiser, 2009). Honokiol was able to attenuate PI3K/Akt/nnT0R 
signaling by down-regulation of Akt phosphorylation and upre- 
gulation of PTEN expression (Liu et al., 2008). In addition, ho- 
nokiol was able to inhibit Ras-nnediated tunnor pronnoting path- 
ways (Banerjee et al., 2013). Recently, researchers have re- 
ported that honokiol elinninated CSCs in sonne kinds of cancer. 
For exannple, honokiol targeted notch signaling to inhibit colon 
cancer stenn cells (Ponnurangann et al., 2012). In oral cancer 
cells, honokiol elinninated stenn-like cells and suppressed 
Wnt/p-Catenin Signaling (Yao et al., 2013). However, the nnole- 



cular nnechanisnn how honokiol inhibits EMT and CSCs is still 
poorly understood. 

In the current study, we investigated the potential of honokiol 
in the inhibition of EMT and CSC properties and the underlying 
nnolecular nnechanisnns. The following novel findings are re- 
ported in this study: (i) honokiol treatnnent inhibits nnalignant 
properties such as invasion and nnigration of RCC cells; (ii) 
honokiol suppresses renal cancer cells' nnetastasis dual- 
blocking epithelial-nnesenchynnal transition and cancer stenn cell 
properties; (iii) Regulation of EMT and CSC properties by ho- 
nokiol requires the nniR-141/ZEB2 axis. 

MiR-141 is a putative tunnor-suppressive nniRNAs which is 
downregulated in RCC (Nakada et al., 2008; Yoshino et al., 
2013). The relation between nniR-141 and honokiol has not 
been reported before. We dennonstrated that honokiol can 
upregulate the expression level of nniR-141. It nnay be possible 
that honokiol elevates nniR-141 expression through inhibiting 
histone deacetylases (Singh et al., 2013), which are suggested 
to be responsible for the downregulation of nniR-141 (Roy et al., 
2013). ZEB2, a target of nniR-141 (Xu et al., 2013), is a nnaster 
factor involved in EMT and CSC (Kong et al., 2011) and is fre- 
quently overexpressed in RCC (Fang et al., 2013; Henrion et al., 
2013). We found that honokiol exerted anti-tunnor activities 
through nnodulating the nniR-141/ZEB2 axis, and that ectopic 
overexpression of ZEB2 could rescue the effect of honokiol on 
EMT and CSC properties. It will be innportant to deternnine 
whether our findings are widespread in various cancer cells or 
cell-type-specific. 

In sunnnnary, our results showed that honokiol treatnnent sig- 
nificantly inhibits nnalignant properties of RCC cells through 
nnodulation of EMT and CSC properties; thus using honokiol 
nnay be a suitable therapeutic strategy for RCC treatnnent. 
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